Recently, Xue, Atallah, and Scanziani reported that excitation/inhibition ratios across cortical pyramidal neurons are equalized by activity-dependent modulations of parvalbumin-neuron mediated feedforward inhibition. Their results raise questions about the developmental formation of this excitation-inhibition balance and the potential activity-dependent synaptic plasticity rules that mediate this process.
Across various neural networks, excitatory and inhibitory synaptic inputs are found to be tightly coupled. For example, in sensory cortical neurons, simple stimuli such as an oriented bar elicit an increase in excitatory synaptic conductance along with a concomitant increase in inhibitory conductance [1, 2] .Concurrence of synaptic excitation and inhibition is also observed during spontaneous activity, network oscillations, and 'up-state' persistent activity [1, 3, 4] .A prominent feature of this relationship is that inhibition appears in balance with excitation. That is, afferent activity induces inhibition, usually following excitation after a brief temporal delay, and this inhibition is somewhat proportional to the excitation generated by either afferent or local activity. Ultimately, this results in a relatively constant excitation/inhibition (E/I) ratio across different sensory stimuli and approximate co-tuning of excitation and inhibition for sensory attributes [1, 2, 5, 6] .Such proportionality tightly controls neural excitability, prevents output saturation, and increases operational ranges [7] .
On a network level, balanced inhibition allows a progressive recruitment of firing neurons as the number of active afferents increases, so that a broad range of afferent activity can be differentially represented by neuronal populations. Additionally, delayed and balanced inhibition restricts the spatial and temporal spread of activity, preventing epileptiform discharges and excitotoxicity. Finally, balanced inhibition contributes to sharpening the tuning of neurons to specific sensory features [1, 2] .Thus, it is conceivable that disrupting this excitation-inhibition (E-I) balance could impair brain function, possibly contributing to neurological disorders such as autism and schizophrenia.
While E-I balance has been reported for various types of principal neuron, how neural circuits are adjusted to achieve this balance is not well understood. Inhibition, which is delayed relative to excitation, is provided by inhibitory neurons through feedforward or feedback circuits. In the cortex, inhibitory neurons contact nearby excitatory neurons rather indiscriminately [8] .Do these excitatory neurons, which receive excitatory inputs of variable strengths, receive inhibitory inputs of similar amplitudes, or does the inhibitory input vary in amplitude in accordance with the strength of excitation onto each individual cell? In a recent study [9], Scanziani's group set out to address this question in visual cortical slices by simultaneously recording from multiple nearby layer (L) 2/3 pyramidal neurons while optogenetically stimulating L4 excitatory cells, utilizing a L4-specific Cre driver mouse line. In each recorded cell, stimulation generated both an excitatory and an inhibitory response, with the amplitudes of these conductances varying greatly among cells. Surprisingly, the E/I ratio varied much less compared to the synaptic amplitudes, providing initial evidence that E/I ratios are somewhat equalized across pyramidal cells. To exclude the possibility that this is a slice artifact, they utilized a mouse line where the promoter of the activitydependent gene Fos drives the expression of Fos fused to enhanced green fluorescence protein (EGFP). The EGFPpositive (EGFP + ) pyramidal neurons received significantly stronger excitation and also stronger inhibition than their EGFP-negative (EGFP À ) neighbors. Nonetheless, E/I ratios were similar between the two groups of pyramidal cells, further confirming that E/I ratio is kept relatively constant across the pyramidal cell population. Next, by optogenetically stimulating parvalbumin-positive (PV) and somatostatin-positive (SOM) inhibitory neuron populations, they demonstrated that inhibitory inputs from PV neurons were stronger in EGFP + than EGFP À cells, while those from SOM neurons were similar between the two pyramidal-cell groups. Therefore, it is PV neurons that contribute to the observed equalization of E/I ratios across pyramidal cells.
A prominent physiological difference between the EGFP + and EGFP À neurons is that EGFP + neurons fire more strongly than their EGFP À neighbors both spontaneously and in response to visual stimulation. This raised the question of whether the level of a cell's spiking activity is used as a signal to instruct equalization of E/I ratios. For
